Background: In cancer patients with symptomatic venous thromboembolism (VTE) (deep-vein thrombosis (DVT) and/or pulmonary embolism (PE)), clinical factors that influence the benefit-risk balance of anticoagulation need to be identified so treatment intensity and duration can be optimally adjusted for the individual patient. Methods: Using clinical data for cancer patients with VTE obtained from the RIETE registry, we compared how rates of fatal PE and fatal bleeding during and after anticoagulation vary depending on patients' clinical characteristics. Results: Data were analysed from the 10,962 cancer patients with VTE (5,740 with PE with or without DVT; 5,222 with DVT alone) in RIETE registry as of March 2016. Fatal PE occurred in 2.18% of patients, while fatal bleedings occurred in 1.55%. During the 12 months from initial VTE, fatal PE was the most common cause of death, after disseminating cancer, and bleeding the fourth most common. In patients initially presenting with PE, fatal PE during anticoagulation was 4-fold more frequent than fatal bleeding (204 vs 51 deaths) and occurred mostly during the first month of treatment (196/223, 88%). In patients initially presenting with DVT, fatal PE was 3-fold lower than fatal bleeding during (25 vs 85 deaths) and after anticoagulation treatment (8 vs 37 deaths). During the 12-month follow-up, other characteristics of cancer patients with VTE were identified as more common in fatal cases of PE and/or bleeding than in surviving cases. Interpretation: Baseline clinical characteristics may determine anticoagulation outcomes in cancer patients with VTE and should be further investigated as possible factors for guiding changes in current practices of anticoagulation, such as adjusting anticoagulation intensity and duration in selected patients.
Introduction
Venous thromboembolism (VTE) is a common condition and a major cause of morbidity and mortality in patients with cancer [1, 2] . In both Europe and the USA, large population-based studies and disease registry surveys have revealed that about 20% of patients with VTE have cancer [3, 4, 5, 6] . In an estimated 4,000 cancer patients per year in the UK, VTE is the registered cause of death and the mortality rate of cancer patients with VTE is >3-times greater than that for noncancer patients with VTE [6, 7] . Several international clinical guidelines [1, 8, 9, However, it is generally accepted, based on the largest study in this setting, that cancer patients should received six months of LMWH treatment [14] .
The therapeutic benefit of anticoagulant treatment needs to be balanced against the risk of bleeding. Continuing LMWH treatment beyond three or six months should depend on a benefit-risk assessment for the individual patient. The comparative risk of fatal PE (after anticoagulant withdrawal) or bleeding (due to continued anticoagulant treatment) needs to be determined. However, the determining risk factors still need to be defined. Clinical trial data are of limited value for determine the risk of VTE recurrence, because of the heterogeneity in design and patient population across trials, and their exclusion of certain sub-populations of cancer patients (such as with comorbidities, disseminated cancer, short-life expectancy or contraindications to anticoagulant therapy) that are of particularly relevance for assessing the risk-benefit of anticoagulant treatment [17] . Population-based, longitudinal data are needed, particularly when wanting to identify factors that may have been overlooked in those clinical trials that provide the evidence-base for treatment guidelines.
The ongoing RIETE (Registro Informatizado de Enfermedad TromboEmbólica)
Registry provides a large prospective cohort of consecutive patients with symptomatic VTE (deep vein thrombosis (DVT) orpulmonary embolism (PE) or both), derived from multiple centres across several countries in Europe and in North and South America (its methodology is summarised in the Methods section and has been described elsewhere) [18, 19, 20] . So far, published analyses of data from the RIETE registry have provided valuable information on current outcomes of acute VTE, including the frequency of recurrent VTE and of major bleeding, mortality rates and risk factors [18, 19, 20] . In the study presented here, we took data from RIETE Registry in order to determine the frequency and time course of occurrence of fatal PE and of fatal bleeding in this large cohort of cancer patients with VTE. By comparing rates of fatal PE and of fatal bleeding with the overall mortality rate, we assessed how such fatal events may be influenced by the patients' clinical characteristics, such as the type and staging of the cancer, comorbidities and the presence or absence of other VTE risk factors.
2. Methods 2.1. Registry design, patient collective and data collection VTE [21, 22] . The methodology of data collection has been described previously [18, 20] and is summarised in the following.
Consecutive patients with symptomatic acute VTE confirmed by objective tests (contrast venography or ultrasonography for suspected DVT, pulmonary angiography, lung scintigraphy or helical computed tomography scan for suspected PE) were enrolled in RIETE registry. The only patients excluded from the registry are those currently participating in a therapeutic clinical trial with a blinded therapy. All patients provided written or oral consent for participation in the registry, in accordance with local ethics committee requirements. Participating physicians ensured that eligible patients were consecutively enrolled. Data recorded on a computer-based case report form at each participating hospital were submitted to a centralised coordinating center through a secure website. Data quality (including comparison of the data on medical records with the data that were transferred) was regularly monitored as previously described. This analysis was approved by the Ethics Committees of the UZ Gasthuisberg Hospital in Leuven, Belgium (B70721111790) and the Hospital Clinic of Barcelona, Spain (Reg. HCB/2015/0386).
Baseline variables
The following parameters are routinely recorded in RIETE registry: patient's baseline characteristics; clinical status including any coexisting or underlying conditions; recognized risk factors for VTE; laboratory data; treatment received upon VTE diagnosis (drugs, doses and duration); outcome during the course of anticoagulant therapy. Immobilized patients were defined as non-surgical patients having total bed rest for at least 4 days in the 2-month period prior to VTE diagnosis. Surgical patients were defined as those who underwent a surgical intervention within the two months prior to VTE. Recent bleeding was defined as a major bleeding episode within 30 days prior to VTE.
Treatment and follow-up
Patients were managed according to the clinical practice of each participating hospital; therefore, there was no standardization of choice of drug treatment, dose or treatment duration. The vast majority (77/10,962 were not taking anticoagulants) of patients were on anticoagulant treatment. Patients were followed-up for at least three months in the outpatient clinic. During each visit, any signs or symptoms suggesting symptomatic VTE recurrences or bleeding complications were noted. Each episode of clinically suspected recurrent VTE was investigated by repeat compression ultrasonography, lung scanning, helical-CT scan or pulmonary angiography as appropriate. Most outcomes were classified as reported by the clinical centers but, if there was uncertainty, the event was reviewed by a central adjudicating committee (necessary for less than 10% of events). 
Study design and outcomes
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*For each baseline characteristic, the percentage of cases within each category of fatal outcome was compared with the corresponding percentage of "alive" cases.
Article No~e00229 fatal bleeding presented with DVT alone. The proportion of patients within each category of fatal outcome exhibiting each of the listed baseline characteristics were compared with the proportion of surviving patients ( Table 1 ). The proportion of fatal PE patients with reduced creatine clearance (57%) at baseline was significantly greater than the proportion of surviving patients (36%) (p < 0.001).
This was also the case for recent major bleeding (7.4% vs 2.4%; p < 0.001), abnormal platelet count (21% vs 10%; p < 0.001), raised leucocyte count (51% vs 22%; p < 0.001), immobility for ≥4 days (36% vs 13%; p < 0.001), PE (87% vs 51%; p < 0.001), and upper-extremity DVT alone (57% vs 36%; p < 0.001). In contrast, the following baseline characteristics were significantly less represented among the cases of fatal PE than among surviving patients: recent surgery (6.6% vs 20%; p < 0.001), estrogen use (1.9% vs 5.3%; p < 0.05), proximal DVT alone (68% vs 11%; p < 0.001). For patients with fatal bleeding, the following baseline characteristic were significantly more represented than among surviving patients: chronic lung disease (15% vs 10%; p < 0.05), reduced creatine clearance (44% vs 36%; p < 0.05), recent major bleeding (7.0% vs 2.4%; p < 0.001), anaemia (71% vs 57%; p < 0.001), abnormal platelet count (18% vs 10%; p < 0.05), raised leucocyte count (34% vs 22%; p < 0.001), immobility for ≥4 days (29% vs 13%; p < 0.001),
bilateral DVT alone (8.1% vs 5.2%; p < 0.001). Surgery was significantly less represented than among surviving patients (7.6% vs 20%; p < 0.001). The vast majority of patients received at least 3 months anticoagulant treatment and more than 50% of patients received at least 6 months anticoagulant treatment (data not shown). Table 3 compares fatal PE and fatal bleedings in regard to the chosen treatment strategy. There were more fatal bleedings than fatal PEs among patients treated with vitamin K antagonists. The large majority of patients received LMWH treatment for initial therapy while a smaller majority of patients received LMWH treatment for long-term treatment, with >20% receiving vitamin K antagonist. Fatal PE cases had a much shorter mean duration of anticoagulant treatment (16 days; median, 6 days) than cases of fatal bleedings had (86 days; median, 29 days). A more detailed analysis of the data relating to the duration and type of treatment is planned and will be submitted for publication as a separate report.
Article No~e00229
Based on data in Table 4 , the results of the Kaplan Meier analyses of fatalities are presented in Fig. 1 and Fig. 2 for patients initially presenting with PE or DVT only, respectively. Overall (summing the data listed in Fig. 1 and Fig. 2) , PE was the second most frequent cause of death, followed by respiratory insufficiency, infection and then bleeding. For patients initially presenting with PE ( Fig. 1) , PE was the main cause of death after disseminating cancer, with more than twice the number of deaths due to infection and about 3-times the number of fatal bleedings. Fatal PE occurs early after the initial event and mostly during the first month of anticoagulant treatment before reaching close to maximum at 3 months, after which very few cases occur. In contrast, cases of fatal bleeding occur throughout the 12 months, with just less than half of cases within the first month of treatment. For patients initially presenting with DVT only (Fig. 2) , the pattern of fatality incidence is quite different than for patients initially presenting with PE. There are much fewer cases of fatal PE (33 compared to 223 cases during 12 months). Fatal bleeding and death due to infection are the main causes of death (excluding disseminating cancer), with almost three-times the number of cases of fatal PE.
Again only a few cases of fatal PE occur after three months of treatment, whereas cases of fatal bleeding occur throughout the first 12 months. The Kaplan Meier analyses of fatalities were not significantly influenced by the presence or absence of metastatic cancer (see Fig. 3 and Fig. 4 ). 
Discussion
This large prospective, multicenter, cohort analysis of cancer patients with VTE and receiving at least three months of anticoagulant treatment provides important insight into the current, "real-life" benefit-risk balance of anticoagulant treatment in cancer patient with VTE. We provide evidence of how the fatality rates of the two main hazards of anticoagulation, PE and bleeding, are dependent on the clinical presentation of the initial VTE. These findings are important for efforts to improve treatment of cancer patients with VTE as they suggest that anticoagulant treatment should be adjusted to the clinical profile of the patient [23, 24, 25] . 
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Despite clinical guidelines and recommendations on anticoagulant treatment of cancer patients with acute symptomatic VTE, cancer patients with VTE are at greater risk than non-cancer patients with VTE of recurrent VTE and major bleeding during anticoagulant treatment [23, 26, 27] . The guidelines are based on low quality evidence [25] , because clinical trial trials of anticoagulation in cancer patients with VTE are not sufficiently powered for determining the respective risk of VTE recurrence and of bleeding [9, 10] .
Published cohort studies have attempted to quantify the prevalence of VTE recurrence and of bleeding in cancer patients treated with anticoagulants but we found no study with a 12-month follow-up and aiming to determine how the initial presentation of VTE may affect outcome. Our study is currently the largest analysis of RIETE registry-derived data on cancer patients with VTE − it is derived from a 40% larger cohort of patients than that used in the most recently published report [28] . Similar to previous analyses, 18% of the patients in the registry had active cancer ( Table 1 ). The incidence of fatal PEs was greater than the incidence of fatal bleedings (238 [2.17%] vs 170 [1.51%]). After disseminating cancer, fatal PE was the second most common cause of death in our cohort and ahead of common cancer-related morbidities (respiratory insufficiency and infection) and bleeding was fourth most frequent. Thus, fatal PE was the most common cause of preventable death, accounting for 5·4% of deaths (238 of 4406), with some deaths even after 3-6 months of anticoagulant treatment. Most cases of fatal PE and fatal bleeding occurred while on anticoagulant treatment but a higher proportion (1/11) of fatal bleedings than fatal PE (1/25) occurred after anticoagulation ( Table 1) . As previously reported for a smaller cohort of RIETE patients, most cases of fatal PE and fatal bleeding occurred within the first three months of anticoagulation therapy ( Fig. 1 and Fig. 2 ) [28] . Our data (Table 3) of treatment. This is also clear from the Kaplan Meier analyses fatalities ( Fig. 1 and Fig. 2 ). Most cases of fatal PE occurred in the first month of anticoagulation and very few cases after three months. In contrast, fatal bleeding cases occurred throughout the 12 months, with >50% after the first month of treatment. For cancer patients with PE at the start of anticoagulant treatment, subsequent PE is, after disseminated cancer, the most prominent cause of death and 3-times more common than bleeding (Fig. 1) , while in patients with DVT alone at baseline, bleeding is as common as infection as a cause of death and 3-fold more common than PE (Fig. 2) . These data suggest that the initial presentation of VTE may be a key factor in determining changes in the intensity and duration of anticoagulation aimed at reducing the respective risks of PE and major bleeding.
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An earlier analysis of cancer patient data from the RIETE register identified being older than 65 years and having VTE within three months of cancer diagnosis as independent risk factors for VTE recurrence, while PE was more likely in patients with a previous PE than in patients with previous DVT [19] . Independent risk factors for bleeding in cancer patients were identified as immobility, metastases, recent bleeding, and impaired creatinine clearance [19] . Our data for fatal PE and fatal bleeding are consistent with these earlier findings but we identify additional baseline characteristics that may influence the management of cancer patients requiring anticoagulation.
A significant number of cases of fatal PE (10%) and of fatal bleeding (8.1%) were aged below 50 years (Table 1 ) and a significant number did not have metastasic cancer (24% and 29%, respectively) ( Table 2) . Thus, fatal PE and fatal bleeding are not always associated with terminal phases of malignancy [27, 29] . It is particularly critical that fatalities in cancer patients of relatively good prognosis are avoided. Fatal PEs and fatal bleedings were similarly frequent in patients who had had their first acute symptomatic VTE within three months of cancer diagnosis. Several studies indicate that the risk of VTE is highest in the initial period after cancer diagnosis [30] . It is unclear how much this relates to the underlying cancer or to cancer treatment; different modes of cancer treatment, including support treatment, are independently associated with increased risk of VTE [30] . Our cancer patient cohort is heterogeneous in regard to site of cancer and type of cancer treatment. Notably, women with breast cancer had fewer cases of fatal bleeding than cases of fatal PE, which contrast to similar rates in patients with gastrointestinal cancer (Table 2) .
These data may provide important hints at factors relating to type of cancer and cancer treatment that may critically determine the intensity and duration of anticoagulation treatment. For example, the lower proportion of cases with fatal PE or fatal bleeding in women with breast cancer and the correlating lower values for hormonal treatment and estrogen use, might reflect the lower prevalence of the use of chemotherapy in this indication [31] .
Our study is limited by the fact that many of the fatal cases in our cohort were recorded with "disseminating cancer", "sudden death" or "unknown", as cause of death, when the cause of death may not have been so objectively assessed. Thus, some of these cases may have been fatal PE and, therefore, the prevalence of fatal PE in our study may be an under-estimate. Pulmonary embolism is difficult to diagnose and is often overlooked, especially in the presence of other symptoms [33] . The RIETE registry documents "fatal PE" only with objective diagnosis (CTscan, ventilation-perfusion lung scan or documented DVT plus echocardiogram with signs of right ventricle or atrium enlarged). Fatal PE was confirmed at necropsy in 21 cases. Given that fatal PE in the absence of autopsy was defined as any death appearing within the first 10 days after PE diagnosis (either initial episode or recurrent PE), there may be a systematic bias favouring death from PE in the PE group based on how PE fatality was defined. It is also possible that some of our fatal cases died of cerebral bleeding and that we have underestimated the prevalence of fatal bleeding. Furthermore, clinically unsuspected pulmonary embolism is being increasingly diagnosed in cancer patients undergoing computed tomography for other diagnostic purposes [32] and there is little data on survival of such cases and their risk of recurrent VTE [34] . Of note, in a 3-month follow-up of a cohort of cancer patients on anticoagulation for recurrent VTE (n = 212), Schulman and colleagues reported 27% fatalities with 76% of the survivors having residual thrombosis symptoms [25] .
Our findings provide important insight in to what factors may be used to guide the physician in adapting recommended anticoagulant regimens to the individual patient. In particular, cancer patients presenting with PE may benefit from more intense anticoagulant treatment early on in treatment, while those presenting with DVT alone may benefit from curtailing treatment intensity as anticoagulant treatment progresses. However, other factors will also need to be considered, for example how soon after cancer diagnosis did VTE occur, the intensity of chemotherapy and the site of cancer. Current guidelines for anticoagulant treatment do not so far suggest any form of differentiated approach to cancer patients with VTE. We conclude from our data that the new treatment strategies for cancer patients with VTE should involve adjusting the current general approach so as to tailor the treatment to the patient, as oncologists are increasingly doing with cancer treatments. Our data provide important pointers for further investigations, which are urgently needed in order to more clearly identify which cancer patients with VTE are likely to benefit from adjustments in the current practice of anticoagulant treatment.
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